Salibacterium nitratireducens sp. nov. Subject category New taxa: Firmicutes and related organisms.
Introduction
The genus Salibacterium comprises Gram-posiive staining, non-endospore forming, nonmotile, rod-shaped, cream to white, organoheterotrophic, strictly aerobic to facultatively anaerobic bacteria with MK7 as major isoprenoid quinone; anteiso-C15:0 and anteiso-C17:0 as major fatty acids;
and DNA G + C content ranging between 48-48.9 mol% [1] ; the genus belongs to the family ). In the present study, we focused on the characterization and classification of the strain SMB4 T , which was isolated from Sambhar salt lake water sample by a polyphasic taxonomic approach [4] and on the basis of the results assign the novel strain to the genus Salibacterium.
Strain SMB4 T was isolated from a water sample collected from Sambhar salt lake, Rajasthan, India. The GPS coordinates of the sampling point is 26 o 55.520′ N 075 o 11.827′ E. The temperature and pH of the water sample was 35 o C and 10.0, respectively. For isolation of the strain SMB4 T , the water sample was serially diluted (up to 10 fold dilutions) in 2% (w/v) NaCl solution and 100 µl of each dilution was spread-plated on Zobell's Marine Agar (MA; HIMEDIA) plates, and incubated at 37 °C for 2 days. A number of different colony morphotypes were observed, one that appeared whitish in colour was selected and characterized. For 16S rRNA gene sequencing, DNA was prepared using a microbial DNA isolation kit (Mo Bio Laboratories Inc.) and sequenced as described previously [5] . The resultant sequence of the 16S rRNA gene was subjected to BLAST sequence similarity searches [6] and the EzBiocloud [7] was used to identify the nearest taxa. All the 16S rRNA gene sequences of closely related species of the genus Salibacterium were downloaded from the NCBI database (http://www.ncbi.nlm.nih.gov) and aligned using the CLUSTAL_W program using MEGA6 [11] . The evolutionary history was inferred using the Neighbor-Joining method [8] . The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (10,000 replicates) are shown next to the branches [9] .
The evolutionary distances were computed using the Kimura 2-parameter method [10] and are in the units of the number of base substitutions per site. Evolutionary analyses were conducted in MEGA6 [11] . Phylogenetic trees were also reconstructed using the maximum-likelihood and maximum parsimony methods using MEGA6 [11] .
Colony morphology was examined following growth of the strain on MA at 37 C for 2 day. malachite-green staining of isolate grown on MA for a week [12] . Motility was assessed on Motility-Indole-Lysine HiVeg TM medium (HIMEDIA) with agar 2 g l -1 and also under light microscopy using hanging drop method. Growth at 4, 10, 15, 20, 25, 30, 37, 42, 45, 50 and 55 °C was ascertained using Marine Broth (MB; HIMEDIA) and salt tolerance [0, 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28 and 30% (w/v) NaCl] was ascertained using Nutrient Broth containing peptone (5 g l -1 ) and beef extract (3 g l -1 ). Growth of strain SMB4 T at pH 4, 5, 6, 6.5, 7, 7.5, 8, 8.5, 9, 10, 11 and 12 was assessed on MB buffered either with acetate or citrate buffer (pH 4-6), [100 mM NaH2PO4/Na2HPO4] buffer (pH 7-8), 100 mM NaHCO3/Na2CO3 buffer (pH 9-10) or 100 mM Na2CO3/NaOH buffer (pH [11] [12] . Anaerobic growth on MA was determined after incubation in an anaerobic Jar (Anoxomat [USA]), after giving an anaerobic cycle using Anoxomat (Mart, USA). Table 1 were carried out using cultures grown at 37 o C on MA medium with 10% (w/v) NaCl as described by Lányί [13] (catalase, oxidase activities, nitrate reduction, indole production and aesculin hydrolysis) and
Different biochemical tests listed in description of species and as well as in
Smibert & Krieg [14] (H2S production, gelatin and urea hydrolysis). Extracellular enzymatic activities like amylase, lipase and protease, were studied as described by Srinivas et al. [15] except that cultures were grown at 37 o C on MA medium with 10% (w/v) NaCl. Biochemical and enzymatic characterizations, carbon substrate utilization, acid production and antibiotic susceptibility of the strains were performed using previously described methods [16, 17] except that the cultures were grown at 37 o C on MA medium with 10% (w/v) NaCl.
Standardization of the physiological age of strains SMB4 T , Salibacterium halochares DSM 21373 T and Salibacterium quigdaonense DSM 21621 T was performed based on the protocol [18] given by Sherlock Microbial Identification System (MIDI, USA). For cellular fatty acids analysis, all three strains were grown on MA plates at 37 ºC for 24 h and were of same physiological age (at exponential phase of growth). Cellular fatty acid methyl esters (FAMEs) were obtained from cells by saponification, methylation and extraction following the protocol of MIDI. Cellular FAMEs were separated by GC (6890) and analyzed using the Sherlock Microbial Identification System (MIDI-6890 with database TSBA6) according to the protocol described by Sherlock Microbial Identification System. Peptidoglycan was prepared and analysed according to the method described by Komagata & Suzuki [19] .Polar lipids were extracted from all strains following the method of Bligh & Dyer and analyzed by two-dimensional TLC after spraying with appropriate detection reagents [20] . Genomic DNA was isolated by using the procedure of Marmur [21] Salibacterium qingdaonense (Fig. 1 ).
Cells of strain SMB4 T were Gram-stain positive, non-motile rods, 0.5-0.6 µm wide and 1.1- Fig. S1 ). Endospores are not formed. Colonies were circular, 1.2 mm in diameter, shiny, smooth, opaque, whitish and convex with entire margin after 48 h growth at 37 o C.
µm long (Supplementary
Growth was observed at 25-50 C with optimum growth at 37 C, at 4-12 % (w/v) NaCl, with optimum growth at 10 % and at pH 5-9, with optimum growth at pH 7. Susceptible to (µg/disc unless Table 1 .
The cellular fatty acid composition of strain SMB4 T showed a spectrum of 18 fatty acids with a pronounced dominance of (>10 %) of anteiso-C15:0, anteiso-C17:0 and C18:0 ( Table 2 ). The fatty acids were dominated by saturated and branched (iso and anteiso) fatty acids. The strain SMB4 T differed from Salibacterium halochares DSM 21373 T based on the presence of major fatty acid C16:0 and absence of some minor fatty acids ( Table 2) ; it differed with Salibacterium quigdaonense DSM 21621 T based on the presence of major fatty acid iso-C16:0 and C18:0 is minor fatty acid ( Table 2) ; and it also differed with Salibacterium halotolerans S7 T based on the presence of major fatty acid C16:0 and absence of C18:0 ( Table 2 ). The cell-wall peptidoglycan of strain SMB4 T contained mesodiaminopimelic acid as the diagnostic diamino acid. The polar lipids of strain SMB4 T comprised diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), one unidentified phospholipid (PL1) and three unidentified lipids (L1, L2, L3) ( Supplementary Fig. S2 ).
The strain SMB4 T differed from Salibacterium halochares DSM 21373 T based on the presence of a phosphatidic acid [2] ; it also differed with Salibacterium halotolerans S7 T and Salibacterium quigdaonense DSM 21621 T based on the absence of unknown lipids [1] . 
